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7KH FRQVWUXFWLRQ LQGXVWU\ WUDGLWLRQDOO\ XVHV WZRGLPHQVLRQDO YLVXDOLVDWLRQ WHFKQLTXHV WR DQDO\VH SURMHFWSURJUHVV 7KLV XVXDOO\ WDNHV WKH IRUP RI DQ ¨VFXUYH© VRFDOOHGEHFDXVHRIWKHFKDUDFWHULVWLFSORWVKDSHDQHFGRWDOO\JHQHUDWHG E\ UHVRXUFH DSSOLFDWLRQ WDNHXS LQ PDQ\SURMHFWV $QDO\VLQJ SURMHFW SURJUHVV LQ WKLV PDQQHUSURYLGHVD¨VLQJOHYLHZ©JXLGHWRGDWDWUHQGV7KHEXLOGLQJEORFNV RI SURMHFWV DUH ¨WDVNV© 'HHSHU LQWHUSUHWDWLRQ RI DSURMHFWPLJKWUHTXLUHVWXG\LQJLQGLYLGXDOVFXUYHVIRUHDFKWDVN,QGLFDWLYHSDWWHUQVFDQJRXQUHFRJQLVHG LQ WKLVPDVVRI XQILOWHUHG YLVXDO GDWD ¨3URFHVVLRQ© LV DQ LQIRUPDWLRQYLVXDOLVDWLRQ VRIWZDUH WRRO ,W KDV EHHQ GHYHORSHG WRSURYLGH D PRUH FRPSUHKHQVLYH UHSUHVHQWDWLRQ RI SURMHFWSURJUHVV XWLOLVLQJ D WKUHHGLPHQVLRQDO GDWD VXUIDFH ,QDGGLWLRQWRRIIHULQJD¨VLQJOHYLHZ©QDYLJDEOHGDWDVXUIDFH3URFHVVLRQ DOVR LQWHOOLJHQWO\ ILOWHUV DQG HPSKDVLVHV WDVNVDFFRUGLQJWRWKHVLJQLILFDQFHRI WKHLUGHYLDQWSHUIRUPDQFHSDUDPHWHUV
,QWURGXFWLRQ
7KH UDWLRQDOH IRU 3URFHVVLRQ©V WKUHHGLPHQVLRQDOIUDPHZRUN IRU FRQVWUXFWLRQ SODQQLQJ LV VXJJHVWHG E\SUHYLRXV ZRUN RQ PXOWLGLPHQVLRQDO PRUSKRORJLFDOIUDPHZRUNV LQ WKH ILHOG RI V\VWHPV HQJLQHHULQJ >@ >@)LJXUHVKRZVWKHFRQFHSWXDOIUDPHZRUNZLWK¨GHYLDWLRQSDUDPHWHUV© ©GHYLDWLRQ OHYHO© DQG ¨WDVNV© DV LWV WKUHHGLPHQVLRQV>@'HYLDWLRQOHYHOUHSUHVHQWVXQLWVRIWLPHRUPRQH\ZKLFK GHYLDWH IURP WKH IODW WHUUDLQ RI WKH SURMHFWEDVHOLQH7KH WKUHH IUDPHZRUN GLPHQVLRQV PDS WR 3URFHVVLRQ©VGDWDVXUIDFHDVIROORZVx 7KH;D[LVPDSVWRWKHGHYLDWLRQSDUDPHWHUVGLPHQVLRQx 7KH < KHLJKW D[LV PDSV WR WKH GHYLDWLRQ OHYHOGLPHQVLRQx 7KH=D[LVPDSVWRWKHWDVNVGLPHQVLRQ7KHYDOXHVIRU;DQG=GHILQHDWZRGLPHQVLRQDOSODQHZLWK<SURYLGLQJWKHKHLJKWVFDODUYDOXHV
)LJXUH$GIUDPHZRUNIRUFRQVWUXFWLRQSODQQLQJVRXUFH>@
7KHUHIRUHDSURMHFWZLWKQRGHYLDWLRQVIURPWKHSURMHFWEDVHOLQHZLOOSURGXFHDIODWGDWDVXUIDFH 3URFHVVLRQ©VGDWDVXUIDFH LV DFWXDOO\ D ¨FDUSHW SORW© JHQHUDWHG E\ D VFDODUDOJRULWKP7KHWKUHHGLPHQVLRQVDUHDFKLHYHGIURPDWZRGLPHQVLRQDO VHWRISRLQWVZKLFK DUHZDUSHGLQWKHGLUHFWLRQRIWKHVXUIDFHQRUPDO7KHDPRXQWRIZDUSLQJLVFRQWUROOHGE\WKH VFDODUYDOXH7KHSRLQWVHWLVGHWHUPLQHGE\WKHWKUHHGLPHQVLRQDO IUDPHZRUN©V ¨WDVNV© DQG ¨GHYLDWLRQSDUDPHWHUV©GLPHQVLRQV7KHVFDODU RUKHLJKW YDOXHV DUHSURYLGHG E\ WKH IUDPHZRUN©V ¨GHYLDWLRQ OHYHO© GLPHQVLRQVHH )LJXUH  $ IRXUWK DQG QRQVSDWLDO GLPHQVLRQ LVSURYLGHGE\FRORXUPDSSLQJWKHGDWDVXUIDFH7KLVHTXDWHVWRWKHVLJQLILFDQFHRI WKHGHYLDWLRQ OHYHODVFDOFXODWHGE\LQWHOOLJHQWILOWHULQJDQGVLJQLILFDQFHUHFRJQLWLRQ
)LJXUH$QH[DPSOHRIDQDYLJDEOHGGDWDVXUIDFHVRXUFHDXWKRU
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)LJXUH3URFHVVLRQ©VZLQGRZVLQWHUIDFHVRXUFHDXWKRU
3URFHVVLRQ LV D VWDQGDORQH LQIRUPDWLRQ YLVXDOLVDWLRQ>@ >@ DSSOLFDWLRQ GHYHORSHG IRU WKH0LFURVRIW:LQGRZV17SODWIRUP,WLVFDSDEOHRIRSHQLQJGDWDILOHVERWK IURP D ORFDO FRPSXWHU DQG IURP DQ ,QWHUQHW ZHEVHUYHU 3URFHVVLRQ LV DQ 0', 0XOWLSOH 'RFXPHQW,QWHUIDFHDSSOLFDWLRQVHH)LJXUHZKLFKLVWRVD\WKDWLWFDQ KDYH VHYHUDO YLVXDOLVDWLRQ ZLQGRZV RSHQVLPXOWDQHRXVO\ 3URFHVVLRQ ZDV GHYHORSHG LQ WKH &ODQJXDJHXWLOLVLQJ0)&V0LFURVRIW)RXQGDWLRQ&ODVVHV3URFHVVLRQ©VWKUHHGLPHQVLRQDOJUDSKLFVIXQFWLRQDOLW\LVSURYLGHG E\ 97. WKH 9LVXDOL]DWLRQ 7RRO.LW DQ ¨RSHQVRXUFH©V\VWHPSURYLGLQJD&FODVVOLEUDU\DQGDFKRLFHRI7FO7N-DYDDQG3\WKRQDVLQWHUSUHWHGODQJXDJHV>@ 0HWKRGRORJLFDORXWOLQH
&XUUHQW UHVHDUFK LV IRFXVLQJ RQ WKH HYDOXDWLRQ RI3URFHVVLRQ7KHPDLQ DLPRI WKLV LV WRGHWHUPLQHZKHWKHUFOLHQWV SHUFHLYH 3URFHVVLRQ©V SURJUHVV UHSRUWLQJLQIRUPDWLRQ WR EH PRUH XVHIXO WKDQ FXUUHQWO\ XWLOLVHGDSSURDFKHV $V D VHFRQGDU\ DLP LW LV KRSHG WKDW WKHHYDOXDWLRQ ZLOO SURYH LQIRUPDWLYH FRQFHUQLQJ WKHVXLWDELOLW\RIWKHFRQFHSWXDOWKUHHGLPHQVLRQDOIUDPHZRUN,QRUGHUWRHYDOXDWH3URFHVVLRQFRPSDUDWLYHUHVHDUFKZLOOEHFRQGXFWHGPDNLQJXVHRILQWHUYLHZSURWRFROVDQGUDSLGSURWRW\SLQJ 7KLV HYDOXDWLRQ LV LQWHQGHG WR GHWHUPLQH DVHOHFWHGFRQVWUXFWLRQFOLHQW©VOHYHORIVDWLVIDFWLRQZLWK WKHTXDOLW\ DQG IRUPDW RI WKH SURMHFW SURJUHVV LQIRUPDWLRQSURYLGHG,Q RUGHU WKDW 3URFHVVLRQ©V LQIRUPDWLRQDO SURYLVLRQLPSURYHV RQ WKH FXUUHQW PRGHO D UHTXLUHPHQWV FDSWXUHVWDJH LV EHLQJ XQGHUWDNHQ $ SODQQLQJ GDWD VHW KDV EHHQREWDLQHG RI D ¨OLYH© FRQVWUXFWLRQ SURMHFW 7KH UHVHDUFKHUXVHG WKLV GDWD DV D VNHOHWRQ WR FUHDWH VLPXODWHG SURMHFWVZLWK GLIIHUHQW VHTXHQFHV DQG RXWFRPHV 7KH SXUSRVH RIWKLV LV WR SURYLGH D WHVWLQJ JURXQG IRU 3URFHVVLRQ ZKLFKPXVWEHXQIDPLOLDUWRWKHFRQVWUXFWLRQFOLHQW WKHUHZRXOGEH QRPRWLYDWLRQ IRU LQIRUPDWLRQ UHTXHVWV 7KH ILFWLRQDOSURMHFW VFHQDULRV DUH EDVHG RQ D UHDO QLQHWHHQPRQWKSURMHFW WR UHIXUELVK IODWV DQG KRXVHV RQ DQ H[ORFDO
DXWKRULW\ HVWDWH LQ DQ LQQHUFLW\ DUHD 7KH ¨OLYH© SURMHFWREMHFWLYHVZHUHWRSURYLGHQHZDQGFOHDUO\GHILQHGVWUHHWSDWWHUQV WRHQODUJH WKH LQGLYLGXDO JDUGHQV DQG WR UHPRYHFULPHULGGHQSHGHVWULDQURXWHV7KHWRWDOHVWDWHFRQVLVWVRIKRXVLQJXQLWVLQGLYLGXDOKRXVHVDQGIODWV7KH¨OLYH©SURMHFWIRFXVHVRQRIWKHVHXQLWVKRXVHVDQGIODWV:RUNRQWKHKRXVHVZLOOEHFRQGXFWHGZLWKPRVWRIWKHWHQDQWVLQVLWX$XQLTXHDVSHFWRIWKHSURMHFWLVWKH
SRUFKWXUQDURXQGV
 RQ WKHKRXVHV 7KLV HQWDLOVPDNLQJ WKH EDFNRI WKH KRXVH LQWR D QHZ HQWUDQFH SRUFK 7KH KRXVHV DUHJLYHQ HQODUJHG EDFN JDUGHQV E\ JDLQV PDGH IURP ROGSHGHVWULDQ ZD\V 7KH QHZ IURQW JDUGHQV KDYH SDUNLQJVSDFHV  )ODWV UHFHLYH EDVLF LQWHUQDO UHIXUELVKPHQW )RUH[DPSOH NLWFKHQ ILWWLQJV YLQ\O NLWFKHQ IORRULQJ DQGGHFRUDWLRQV([WHQVLYH ODQGVFDSLQJ LVEHLQJFRQGXFWHGRQWKH HVWDWH©V FRPPXQDO DUHDV 7KLV LQFOXGHV WXUI OD\LQJWUHHSODQWLQJ UHURXWLQJ RI JDV PDLQV DQG GUDLQV QHZVWUHHWSDWWHUQVDQGLPSURYHGHVWDWH OLJKWLQJ&RVWV IRU WKH¨OLYH©SURMHFWZHUHHVWLPDWHGIURPDFRQVWUXFWLRQ LQGXVWU\VWDQGDUGSULFLQJERRN >@7KHWRWDO EXGJHWHGFRVWEHIRUHWKHSURMHFWVWDUWHGZDVHVWLPDWHGDVVHH)LJXUH ,QRUGHUWRJHQHUDWHSURMHFWVFHQDULRVZLWK DKLJK OHYHORI UHDOLVP LW ZDV GHFLGHG WR LGHQWLI\ UHDO ¨XQDFFHSWDEOH©ULVNV ZLWKLQ WKH RULJLQDO EXGJHW DQG VFKHGXOH 7KH WZRPRVW VHULRXV ULVNV ZHUH WKHQ XVHG DV D EDVLV IRU¨SUREOHPDWLF©LVVXHVZKLFKZHUHWKHQILFWLRQDOLVHGLQWRWKHWZRVFHQDULRV7KHLGHQWLILFDWLRQRIXQDFFHSWDEOHULVNVZDVDFKLHYHG XVLQJ WKH ULVN DQDO\VLV VRIWZDUH WRRO 5LVNPDQ3URIHVVLRQDO VHH 6HFWLRQ  :KHQ UXQQLQJ WKURXJK WKHUHVHDUFK VFHQDULRV FRQVWUXFWLRQ FOLHQWV WDNLQJ WKH UROH RIGHYHORSPHQWZRUNHUVZLOOUHFHLYHSURMHFWSURJUHVVUHSRUWVDWVHYHQTXDUWHUO\PLOHVWRQHLQWHUYDOV
)LJXUH¨/LYH©SURMHFWVXPPDU\WDVNEXGJHWVEHIRUHFRPPHQFHPHQWVRXUFHDXWKRU
(DFK RI WKH VLPXODWHG SURMHFWV KDV KDG TXDUWHUO\PLOHVWRQHILOHVSURGXFHGWRUHSUHVHQWHDFKRIWKHSURJUHVVUHSRUWV WKURXJKRXW WKH SURMHFW7KHVH ILOHV ZLOO EH VWRUHGRQWKHUHVHDUFKHU©VODSWRSFRPSXWHU LQ WKH&69&RPPD

6HSDUDWHG9DOXH IRUPDW 7KHPLOHVWRQH ILOHV FRPSUHVV DSURMHFWRIQLQHWHHQPRQWKVLQWRDVPDQ\PLQXWHV)RUWKLVUHVHDUFKLWKDVEHHQGHFLGHGWKDW¨UHDOWLPH©VLPXODWLRQRID SURMHFW LV QRW SUDFWLFDO )RU H[DPSOH D FRQVWUXFWLRQFOLHQW©V QHHG IRU LQIRUPDWLRQ FRQFHUQLQJ WKH SURJUHVV RI¨RQVLWH© SURMHFWV LV OLNHO\ WR PDNH XS D YLWDO EXWSURSRUWLRQDOO\ VPDOO SDUW RI WKHLU ZRUNORDG $V WKHUHTXLUHPHQW IRU WKLV LQIRUPDWLRQ PD\ KDSSHQ DWXQSUHGLFWDEOH WLPHV LW GRHV QRW VHHP D VHQVLEOH XVH RIUHVRXUFHVWRDWWHPSWGLUHFWREVHUYDWLRQVRIWKHFRQVWUXFWLRQFOLHQW©VEHKDYLRXURQD ¨OLYH© SURMHFW7KHSURWRW\SHVZLOOEH HYDOXDWHG E\ VHYHUDO GLIIHUHQW FRQVWUXFWLRQ FOLHQWYROXQWHHUV7KH LQWHUYLHZ TXHVWLRQV ZLOO FRQVLGHU WKH TXDOLW\ RILQIRUPDWLRQ SURYLGHG E\ WKH FRQVWUXFWLRQ FOLHQWV© FXUUHQWPHWKRGV RI SURJUHVV UHSRUWLQJ DOORZLQJ IRU ODWHUFRPSDULVRQZLWK WKHSURWRW\SHV&RQVWUXFWLRQ FOLHQWVZLOODOVR EH DVNHG DERXW WKHLU JHQHUDO IDPLOLDULW\ ZLWKFRPSXWHUV $IWHU ZRUNLQJ ZLWK HDFK SURWRW\SHFRQVWUXFWLRQ FOLHQWV ZLOO GHVFULEH WKHLU SHUFHSWLRQ RILQIRUPDWLRQ TXDOLW\ 2QH SURWRFRO VHFWLRQ ZLOO UHODWH WRIXQFWLRQDODVSHFWVRIWKHVRIWZDUHSURWRW\SH,WVSXUSRVHLVWRDVVHVVQRWWKHTXDOLW\RIWKHLQIRUPDWLRQWKDW3URFHVVLRQSUHVHQWV EXW WKH XVDELOLW\ RI WKH VRIWZDUH $V VXFKUHIHUHQFH ZLOO EH PDGH WR VWDQGDUG JXLGHOLQHV IRU XVHULQWHUIDFHGHVLJQ,Q RUGHU WR YHULI\ FRQVWUXFWLRQ FOLHQW©VDFWXDO OHYHO RILQIRUPDWLRQDO XQGHUVWDQGLQJ WKH GDWD IRU HDFK RI WKHVLPXODWHG SURMHFWVZLOO LQFOXGH RQHRUPRUH ¨SUREOHPDWLFLVVXHV© LH DQ DSSDUHQWO\ WULYLDO GHYLDWLRQ IDFWRU WKDWPLJKW UHVXOW LQ FDWDVWURSKLF SURMHFW IDLOXUH 7KHVH LVVXHVZLOO EH VSHFLILFDOO\ ILFWLRQDOLVHG WR EH PRUH REYLRXVO\GHWHFWDEOH LQ 3URFHVVLRQ WKDQ ZLWK WUDGLWLRQDO UHSRUWLQJPHWKRGV 7KH SURWRFRO ZLOO FRQWDLQ TXHVWLRQV UHODWLQJ WRWKHFRQVWUXFWLRQFOLHQWV©DZDUHQHVVRIWKHVHKLGGHQLVVXHV *HQHUDWLQJYLVXDOLVDWLRQGDWD IURPSURMHFWVFHQDULRV
,Q 6HFWLRQ  WKH RYHUDOO HYDOXDWLRQ PHWKRGRORJ\ ZDVLQWURGXFHG 7KLV VHFWLRQ ZLOO QRZ GLVFXVV LQ PRUH GHWDLOWKHWUDQVIRUPDWLRQRIWKHRULJLQDO¨OLYH©SURMHFWGDWDLQWRDYLVXDOLVDWLRQ IRUPDW VXLWDEOH IRU 3URFHVVLRQ  (DUO\ RQ LQWKHUHVHDUFKVHTXHQFHDGHFLVLRQKDGEHHQPDGH WRPDNH3URFHVVLRQ FRPSDWLEOH ZLWK WKH PDUNHWOHDGHU SURMHFWPDQDJHPHQW SDFNDJH 0LFURVRIW 3URMHFW 7KHUHIRUH WKH¨OLYH©SURMHFWGDWDZDVREWDLQHGLQWKLVIRUPDW7KHRULJLQDOSURMHFW GXUDWLRQV GHSHQGHQFLHV DQG VFKHGXOH ZHUH OHIWXQFKDQJHG,QSURMHFWPDQDJHPHQWWHUPLQRORJ\¨UHVRXUFHV©DUHWKHPDWHULDOV DQG ODERXU FRVWV DVVLJQHG WR D VSHFLILF WDVN5HVRXUFHV KDG QRW EHHQ DVVLJQHG WR WKH WDVNV LQ WKHRULJLQDOILOHDQGVRDVVXPSWLRQVZHUHPDGHDERXWH[DPSOHUHVRXUFHV WKDW FRXOG EH DSSOLHG LH WKH VXEWDVNVPDWHULDOVDQGODERXUUHTXLUHGWRDFKLHYH WKH VWDWHG WDVNV$VWKHGXUDWLRQVZHUHSUHGHWHUPLQHGUHVRXUFHVEDVHGRQ
KRXUO\ SDLG UDWHVZHUH QRW DSSOLFDEOH ,QVWHDG WKH ODERXUDQGPDWHULDOFRVWVZHUHREWDLQHGIURPDQLQGXVWU\VWDQGDUGSULFLQJERRN >@ DQG FDOFXODWHG RQ D SHU KRXVH EORFN RUVLWHEDVLV,QWKHLQLWLDOYHUVLRQRIWKHSURMHFWEXGJHWVXPVZHUH DSSOLHG DV ¨IL[HG FRVW© UHVRXUFH HOHPHQWV 7HVWLQJUHYHDOHGWKDW(DUQHG9DOXHVHH6HFWLRQILHOGVUHTXLUHGIRU 3URFHVVLRQ VHHPHG QRW WR EH IXQFWLRQLQJ DV H[SHFWHGZKHQ WKLV DSSURDFKZDV DGRSWHG LH%&:6 DQG%&:3YDOXHV QRW SUHVHQW ,QVWHDG D QHZ EDVHOLQH ILOH ZDVFUHDWHGZLWKWKH¨FRVW©YDOXHVFXWDQGSDVWHDV¨IL[HGFRVWV©GLUHFWO\ DWWDFKHG WR WDVNV LH WKHUH ZHUH QRZ QRUHVRXUFHV $OORFDWLRQ RI UHVRXUFHV WR WDVNV ZDV GRQH DVXQLWV UDWKHU WKDQ DV D SHUFHQWDJH 1XPEHU RI DYDLODEOHUHVRXUFHXQLWVZDVVHWWRDQDUELWUDU\KLJKILJXUHWR PDNH VXUH WKDW VXIILFLHQW ZHUH DYDLODEOH (DFK ¨IL[HGFRVW©ZDV VHW WR ¨DFFUXHDWSURUDWHG© ¨$FWXDO&RVWV©ZHUHFDOFXODWHG DXWRPDWLFDOO\ E\ 0LFURVRIW 3URMHFW $¨%DVHOLQH©ZDVVDYHG7KHEDVHOLQHSURYLGHVDUHFRUGRIDOOEXGJHW YDOXHV EHIRUH SURMHFW FRPPHQFHPHQW 7KHVH DUHWKHQXVHGIRUODWHUDQDO\VLVGXULQJWKHSURMHFWOLIHF\FOH,Q RUGHU WR JHQHUDWH SRVVLEOH VFHQDULRV IURP WKH GDWDVHWULVNDQDO\VLVLQWKHIRUPRI0RQWH&DUORVLPXODWLRQVZDV DSSOLHG WR WKH0LFURVRIW 3URMHFW ILOH 7KH0LFURVRIW3URMHFW FRPSDWLEOH VRIWZDUH WRRO 5LVNPDQ 3URIHVVLRQDOVHH ZZZULVNGULYHUFRPULVNPDQWRRO ZDV XVHG WRLGHQWLI\SRWHQWLDOSURMHFWRXWFRPHV
)LJXUH¨/LYH©SURMHFWVXPPDU\WDVNVDQGWKHLUVFKHGXOHGGXUDWLRQVEHIRUHFRPPHQFHPHQWVRXUFHDXWKRU
0RQWH&DUOR VLPXODWLRQV FDQ EH WKRXJKW RI DVVWDWLVWLFDO VLPXODWLRQ PHWKRGV ZKHUH VWDWLVWLFDOVLPXODWLRQ LV GHILQHG LQ TXLWH JHQHUDO WHUPV WR EH DQ\PHWKRG WKDW XWLOL]HV VHTXHQFHV RI UDQGRP QXPEHUV WRSHUIRUPWKHVLPXODWLRQ>@)LUVWGHVFULEHGGXULQJ:RUOG:DU ,,©V0DQKDWWDQ 3URMHFW0RQWH&DUOR VLPXODWLRQV DUHQRZZLGHO\ XVHG ERWK LQ KDUG VFLHQFHDQGIRU SUHGLFWLQJJDPHV RI FKDQFH >@ 5LVNPDQ XVHV 0RQWH&DUORVLPXODWLRQV WR DQDO\VH WKH OLNHOLKRRG DQG LPSDFW RIVSHFLILHG ULVNV $ SURMHFW FRQVLVWV RI WDVNV UHODWHG E\SUHFHGHQFH FRQVWUDLQWV LQ SURMHFW PDQDJHPHQWWHUPLQRORJ\ D 3(57 QHWZRUN ,Q D VLPSOLILHG PRGHOHDFK WDVNKDVDGXUDWLRQ DQGD VHW RI DOORFDWHG UHVRXUFHV

$IWHU FRPSOHWLQJ D ODUJH QXPEHU RI VLPXODWLRQ F\FOHV5LVNPDQ FDOFXODWHV HDFK WDVN©V FULWLFDOLW\ WR VXFFHVVIXOSURMHFWRXWFRPH5LVNPDQRXWSXWV LWVUHVXOWVDV 0LFURVRIW([FHO FKDUWV DQG LQ LWV FXVWRPLVHG 0LFURVRIW 3URMHFW¨6LPXODWLRQ9LHZ©,Q WKHQH[WVHFWLRQ WKLVSDSHUZLOOJRRQ WR GHVFULEH WKH UHVXOWV DFKLHYHG ZKHQ 5LVNPDQ DQGWUDGLWLRQDO SURMHFW PDQDJHPHQW YLVXDOLVDWLRQ WHFKQLTXHVZHUH DSSOLHG WR WKH ¨OLYH© SURMHFW GDWD XVHG IRU WKLVUHVHDUFK ([LVWLQJSURMHFWYLVXDOLVDWLRQPHWKRGV
7KHWUDGLWLRQDOPHWKRGIRUUHSRUWLQJRQSURMHFWSURJUHVVLV WKH VFXUYH 7KLV LV JHQHUDOO\ XWLOLVHG WR DQDO\VHSHUIRUPDQFH DJDLQVW EXGJHW LQ RQH RI WKUHH ZD\V 0RVWFRPPRQ RI WKH WKUHH LV ¨HDUQHG YDOXH DQDO\VLV© VHH)LJXUHV  DQG  7KLV SURYLGHV WKH EXGJHWHG FRVW RIFRPSOHWLQJ WKH WDVNV DFWXDOO\ ILQLVKHG DW DQ REVHUYDWLRQSRLQW7KLVVXPLVWKH¨HDUQHGYDOXH©&RPSDULQJWKLVZLWKWKH DPRXQW DFWXDOO\ VSHQW LV D JRRG LQGLFDWRU RI SURMHFWSHUIRUPDQFH  7KHUH LV DQ DFURQ\P IRU HDFK RI WKH WKUHHFXUYHVSORWWHGDJDLQVWHDFKRWKHUIRUHDUQHGYDOXHDQDO\VLV>@x $&:3$FWXDO&RVWRI:RUN3HUIRUPHG$FWXDOFRVWRISHUIRUPLQJWKHFRPSOHWHGWDVNVx %&:6 %XGJHWHG &RVW RI :RUN 6FKHGXOHG 7KHSODQQHGEXGJHWIRUWKHVFKHGXOHGWDVNVx %&:3 %XGJHWHG &RVW RI :RUN 3HUIRUPHG 7KHSODQQHGEXGJHWIRUWKHWDVNVWKDWZHUHDFWXDOO\FRPSOHWHGWKHHDUQHGYDOXH,Q&RPSOHWLRQ&RVWDQDO\VLVVHH)LJXUHVDQGDQVFXUYHSORWVWKUHHOLQHVDJDLQVWHDFKRWKHUWRFRPSDUHWKHRULJLQDOEXGJHWHGFRVWRI WKHSURMHFWDQGWKHUHYLVHGFRVWIURP WKH SRLQW RI REVHUYDWLRQ 7KHUH DUH WKUHH DFURQ\PVIRUWKHVHFXUYHV>@x %$&%XGJHW$W&RPSOHWLRQ7KHSODQQHGEXGJHWx ($&(VWLPDWH$W&RPSOHWLRQ7KHFRVWDWFRPSOHWLRQUHYLVHGDVSURMHFWSURJUHVVHV $&:3%$&%&:3[$&:3%&:3x (7& (VWLPDWH 7R &RPSOHWH 7KH FRVW UHTXLUHG WRFRPSOHWHWKHSURMHFWDVDWWLPH¨7© %$&%&:3[$&:3%&:3
)LJXUH6FHQDULR¤HQWLUHSURMHFWHDUQHGYDOXHVFXUYHVRXUFHDXWKRU
3HUIRUPDQFH ,QGLFHV SURYLGH D WKLUG DSSURDFK WRSURJUHVV DQDO\VLV ,Q WKLV PHWKRG WZRFXUYHV DUH SORWWHGVHH)LJXUHVDQG2QHUHSUHVHQWVFRVWDQG WKHRWKHUVFKHGXOH )RU ERWK SORWV D IODW KRUL]RQWDO OLQH DW LQGLFDWHV WKDW  H[SHQGHG LV HDUQLQJ  RI FRPSOHWHGSURMHFW9DOXHVEHORZVXJJHVWWKDWWKHSURMHFWLVHLWKHURYHUEXGJHW RU EHKLQG VFKHGXOH ,Q DGGLWLRQ WR SURYLGLQJ¨WR GDWH© SURJUHVV WKH SHUIRUPDQFH LQGLFHV DOVR LQGLFDWHWKHXQGHUO\LQJIXWXUHWUHQGVLQWKHSURMHFW7KHWZRFXUYHVUHSUHVHQWx &3,&RVW3HUIRUPDQFH,QGH[ %&:3$&:3x 63,6FKHGXOH3HUIRUPDQFH,QGH[ %&:3%&:6
)LJXUH6FHQDULR¤HQWLUHSURMHFWHDUQHGYDOXHVFXUYHVRXUFHDXWKRU&RQFOXVLRQ
7KH 0RQWH&DUOR VLPXODWLRQV UHYHDOHG WZR VXPPDU\WDVNV ZKLFKZHUH FDWHJRULVHG DV KDYLQJ DWWDFKHG ULVNV RIDQ  ¨XQDFFHSWDEOH© OHYHO  7KH ILUVW RI WKHVH ZDV WKHVXPPDU\ WDVN ¨VFDIIROGLQJ DQG WHPSRUDU\ URRIV DQGUHIXUELVK H[LVWLQJ URRIV RQ VRPH KRXVHV DQG IODW EORFNV©VHH )LJXUHV  DQG  ZKLFK KDG WKH IROORZLQJXQDFFHSWDEOHULVNVDVVRFLDWHGZLWKLWx &RQVWUDLQWV RQ DYDLODELOLW\ RI H[WHUQDO VFDIIROGLQJFRPSRQHQWVLPSDFWWKHZKROHSURGXFWx 5HTXLUHPHQWV SURYLGHG WR VFDIIROGLQJ VXEFRQWUDFWRUVDUHDPELJXRXVx 6XEFRQWUDFWHG VFDIIROGLQJ WDVN GLVWXUEV SURMHFWSURJUHVVx 6XEFRQWUDFWHG VFDIIROGLQJ WDVN LV EDGO\PDQDJHG DQGIROORZHGXSx :RUNORDGVZHUHXQGHUHVWLPDWHGWRJDLQFRQWUDFWx 5HTXLUHG VHFXULW\ OHYHO IRU WKH SURMHFW LV KLJKHU WKDQXVXDO EHFDXVH VRPH WHQDQWV DUH UHPDLQLQJ LQ RFFXSDWLRQ2UJDQLVDWLRQRINH\DFFHVVWRRFFXSLHGSURSHUWLHVEHFRPHVH[SHQVLYHDQGWLPHFRQVXPLQJx 3URMHFWLVLQQRYDWLQJLQLWVILHOGSRUFKWXUQDURXQGVVHH6HFWLRQ

)LJXUH6FHQDULR¤HQWLUHSURMHFWFRPSOHWLRQFRVWVFXUYHVRXUFHDXWKRU
)LJXUH6FHQDULR¤HQWLUHSURMHFWSHUIRUPDQFHVFXUYHVRXUFHDXWKRU
7KH VHFRQG LGHQWLILHG VXPPDU\ WDVN ZDV ¨VLWH KDUGODQGVFDSLQJDQGLQLWLDOZRUNRQURDGVDQGSDYHPHQWV©VHH)LJXUHV  DQG  ZKLFK KDG WKH IROORZLQJ XQDFFHSWDEOHULVNVDVVRFLDWHGZLWKLWx )HDVLELOLW\ VWXG\ RQ LPSDFW RI URDG DQG VHUYLFH UHURXWLQJLVPLVVLQJx 7KHUH LV D ORZ DZDUHQHVV RI SRVVLEOH WHFKQLFDOSUREOHPVx :KHQ HVWLPDWLQJ FRVWV VRPH DFWLYLWLHV DUH QRWTXDQWLILDEOHRUKDYHQRUHIHUHQFHLQDUFKLYHGSURMHFWVx 3URMHFWULVNVZHUHQRWDVVHVVHGRUDUHGLIILFXOWWRDVVHVVx (FRQRPLFDO DQG SROLWLFDO FRQWH[W KDV DQ LQIOXHQFH RQSURMHFWDQGFDQEHFKDQJHGE\XQLODWHUDOGHFLVLRQDWDKLJKOHYHO7KLVSDUWLFXODUSURMHFW KDV WR WDNHSDUWLFXODU UHJDUGRIWHQDQWRSLQLRQx 3URMHFWHQYLURQPHQWLVHYROYLQJx 7HFKQLFDOGLIILFXOWLHVDUHDUHDOFKDOOHQJHx 'HWDLOHG DVVHVVPHQWV RI FRVW DQG WLPH VFDOH DUH QRWFRPSDWLEOH ZLWK SURMHFW EXGJHW DQG VFKHGXOH 3ODQQLQJGRHV QRW WDNH LQWR DFFRXQW WKLV IDFW DQG UHOLHV RQ IDOVHK\SRWKHVHV7KH WZR XQDFFHSWDEOH ULVNV ZHUH ILFWLRQDOLVHG LQWRVFHQDULRV ZLWK HPEHGGHG ¨SUREOHPDWLF© LVVXHV ,QVFHQDULRWKHVFDIIROGLQJVXEFRQWUDFWRUIDLOHGWRUHPRYHKRXVH VFDIIROGLQJ DFFRUGLQJ WR VFKHGXOH H[WHQGLQJ WKHGXUDWLRQ RI WKH URRILQJ WDVNV DQG GHOD\LQJ WKHFRPPHQFHPHQW RI WKH SRUFK WXUQDURXQG ZRUN E\ DOPRVW
WKUHH PRQWKV 6FHQDULR  VHHV WKH HVWDWH YHKLFOH DFFHVVUHVWULFWHGDQGPRVWRI WKH WHQDQWV UHPDLQLQJ LQ UHVLGHQFH:KHQ WKH LQLWLDO ZRUN RQ URDGV DQG SDYHPHQWV EHJDQ LQWKH WKLUGTXDUWHU WKHVLWXDWLRQEHFDPHXQPDQDJHDEOH$OOZRUNV UHODWLQJ WR WKH FRPPXQDO HVWDWH DUHDV URDGVSDYHPHQWV KDUG ODQGVFDSLQJ DQG KRUWLFXOWXUH VWDUWHG WRVOLSDQGWKHLUGXUDWLRQVH[WHQGHG$VGLVFXVVHG LQ WKHODVWVHFWLRQ WUDGLWLRQDO YLVXDOLVDWLRQ WHFKQLTXHV ZHUH XVHG WRDQDO\VH WKH HQWLUH VHTXHQFH$ VHULHV RI WZRGLPHQVLRQDOVFXUYHV ZHUH SURGXFHG %$& %XGJHW $W &RPSOHWLRQ($& (VWLPDWH $W &RPSOHWLRQ DQG (7& (VWLPDWH 7R&RPSOHWHZHUHSORWWHGDJDLQVWHDFKRWKHUXSWRPLOHVWRQH DV D FRVWWLPH VFXUYH 7KH H[SHFWHG WRWDO FRVW RI WKHSURMHFW EHIRUH LW VWDUWHGZDV %\ WKH HQG RIVFHQDULR©VSODQQHGSURMHFWWLPHVFDOHKDGEHHQVSHQWDQGLQRUGHUWRFRPSOHWHEHKLQGVFKHGXOHDQDGGLWLRQDOZDV UHTXLUHG7KHWRWDO SURMHFWFRVW ZRXOG WKHQ KDYH VSLUDOOHG WR  VHH)LJXUH,QVFHQDULRRIWKHSUHGLFWHGFRVWV KDG EHHQ VSHQW E\ WKH HQG RI WKH SODQQHG SURMHFWWLPHVFDOHDQGLQRUGHUWRFRPSOHWH EHKLQGVFKHGXOH DQDGGLWLRQDOZDV UHTXLUHG7KHWRWDO SURMHFWFRVW ZRXOG WKHQ KDYH VSLUDOOHG WR  VHH)LJXUH&3, &RVW 3HUIRUPDQFH $QDO\VLV ZDV SORWWHG DJDLQVW63, 6FKHGXOH 3HUIRUPDQFH $QDO\VLV DV DQ VFXUYH WRLGHQWLI\WUHQGVZLWKLQWKHSURMHFWSURJUHVV)RUVFHQDULRWKH &3, DQG 63, VKRZHG WKDW ERWK WKH VFKHGXOH DQG WKHEXGJHW WUHQGV ZHUH GHWHULRUDWLQJ UDSLGO\ EHIRUH WKH ILUVWPLOHVWRQH,QWKHVHFRQGTXDUWHUERWKEXGJHWDQGVFKHGXOHVWDELOLVHG %\ WKH WKLUG PLOHVWRQH D VOLJKW LPSURYHPHQWZDV VHHQ LQ ERWK FXUYHV KRZHYHU WKH\ TXLFNO\ GLSSHGEDFNDQGFRQWLQXHGDWDSSUR[LPDWHO\IRU WKHUHVWRIWKH VFKHGXOH $W FRPSOHWLRQ WKH SURMHFW ZDV HTXDOO\EHKLQGVFKHGXOHDQGRYHUEXGJHWVHH)LJXUH6FHQDULRVDZERWKWKHVFKHGXOHDQGWKHEXGJHWSODQVGHWHULRUDWLQJUDSLGO\ EHIRUH WKH ILUVW PLOHVWRQH ,Q WKH VHFRQG TXDUWHUWKHEXGJHWVWDELOLVHGZKLOHWKHVFKHGXOHFRQWLQXHGWRVOLS%\WKHWKLUGPLOHVWRQHWKHVFKHGXOHZDVVWDELOLVLQJDQGLW
)LJXUH6FHQDULR¤HQWLUHSURMHFWFRPSOHWLRQFRVWVFXUYHVRXUFHDXWKRU

FRQWLQXHGWRPLUURUWKHEXGJHWFXUYHZLWKDGLIIHUHQWLDORIDSSUR[LPDWHO\  7KLV FRQWLQXHG XQWLO WKH VFKHGXOHGFRPSOHWLRQGDWHZLWKRQO\DVOLJKWEXGJHWUHFRYHU\LQWKHODVW TXDUWHU $W FRPSOHWLRQ WKH SURMHFW ZDV VWLOO YHU\EHKLQG VFKHGXOH DQG RYHU EXGJHW 7KH ILQDO &3, YDOXHUHYHDOVWKDWRIYDOXHZDVEHLQJHDUQHGIRUHYHU\VSHQWVHH)LJXUH
)LJXUH6FHQDULR¤HQWLUHSURMHFWSHUIRUPDQFHVFXUYHVRXUFHDXWKRU
%&:6 %XGJHWHG &RVW RI :RUN 6FKHGXOHG ZDVSORWWHG DJDLQVW %&:3 %XGJHWHG &RVW RI :RUN3HUIRUPHGDQG$&:3$FWXDO&RVWRI:RUN3HUIRUPHGWRSURGXFHDQVFXUYHRI(DUQHG9DOXHVHH6HFWLRQ)RUVFHQDULRH[SHQGLWXUHVWD\HGDOPRVWDVH[SHFWHG$&:3DQG %&:6 WUDFNHG HDFK RWKHU WKURXJKRXW EXW HDUQHGYDOXH %&:3 VORZO\ GHWHULRUDWHG WKURXJKRXW WKHVHTXHQFH 7KHUHIRUH WKH ZRUN FRPSOHWHG E\ WKH SODQQHGFRPSOHWLRQGDWHKDG FRVW IDUPRUH WKDQEXGJHWHGDQG WKHVFKHGXOHKDGSURYHQ WREHRYHURSWLPLVWLF VHH)LJXUH7KURXJKRXWVFHQDULR$&:3DOPRVWIROORZHGWKHEXGJHWLQ WKH EDVHOLQH VFKHGXOH EXW LQFUHDVHG LQ WDVN GXUDWLRQV7KLV UHVXOWHG LQ WKH VFKHGXOHG H[SHQGLWXUH %&:6OHYHOOLQJ RXW WR PDWFK D ORQJHU WLPHVFDOH 'HVSLWH VORZLPSURYHPHQW WKURXJK WKH VHTXHQFH WKH HDUQHG YDOXH%&:3ZDV VR ORZ FRPSDUHGZLWK WKH$&:3 WKDW WKHVLWXDWLRQEHFDPHLUUHWULHYDEOHVHH)LJXUH7KHVHTXHQFHRXWFRPHIRUVFHQDULRZDVx 3URMHFWKDGUXQRXWRIWLPHDQGEXGJHWWRFRPSOHWH1RFRVW RYHUUXQV KDG EHHQ LQFXUUHG WR GDWH EXW PRUH IXQGVZRXOGEHUHTXLUHGWRFRQWLQXH7KHVHTXHQFHRXWFRPHIRUVFHQDULRZDVx 3URMHFWKDGUXQRXWRIWLPHDQGEXGJHWWRFRPSOHWH1RFRVWRYHUUXQVKDGEHHQLQFXUUHGWRGDWHEXWIXQGVWRWDOOLQJPDQ\ WLPHV WKH RULJLQDO EXGJHW ZRXOG EH UHTXLUHG WRFRQWLQXH)LQDOO\ WZR VHWV RI VHYHQPLOHVWRQH0LFURVRIW3URMHFWILOHV ZHUH JHQHUDWHG RQH IRU HDFK VFHQDULR 7R VLPXODWHSURJUHVV DW HDFK PLOHVWRQH FKDQJHV ZHUH PDGH WR WKHWDVNV LQ WHUPV RI WKHLU GXUDWLRQV DQG SHUFHQWDJHVFRPSOHWH )RU HDFK VFHQDULR LW ZDV QHFHVVDU\ WR ZRUNWKURXJK WKH PLOHVWRQH ILOHV FKURQRORJLFDOO\ 7KLV LVEHFDXVH0LFURVRIW3URMHFWDOZD\VSDVVHVUHYLVHGHVWLPDWHVRQWRWKHQH[WPLOHVWRQHLQWKHVHTXHQFH&69GDWDILOHVIRU
3URFHVVLRQ ZHUH H[SRUWHG IURP HDFK RI WKH 0LFURVRIW3URMHFWPLOHVWRQHILOHVLHILOHVWRWDO,QWKHQH[WVWDJHRI WKH UHVHDUFK FRQVWUXFWLRQ FOLHQWV ZLOO DSSO\ WKH3URFHVVLRQLQLWLDOSURWRW\SHWRWKHVFHQDULRPLOHVWRQHILOHV
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>@ $' +DOO ¦7KUHHGLPHQVLRQDO PRUSKRORJ\ RI V\VWHPVHQJLQHHULQJ§ ,((( 7UDQVDFWLRQV RQ 6\VWHP 6FLHQFH DQG&\EHUQHWLFV66&86$SS>@ . 3RKO ¦7KH 7KUHH 'LPHQVLRQV RI 5HTXLUHPHQWV(QJLQHHULQJ $ )UDPHZRUN DQG ,WV $SSOLFDWLRQV§ ,QIRUPDWLRQ6\VWHPV 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